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Introduction 


Breast  cancer  is  the  second  most  common  type  of  cancer  after  lung  cancer  and  the 
fifth  most  common  cause  of  cancer  death.  In  2007,  (the  most  recent  year  for  which 
statistics  are  available),  202,964  women  were  diagnosed  with  breast  cancer,  and 
40,598  women  died  from  the  disease  (7).  The  number  could  be  reduced  by  a  more 
accurate  screening  method  that  can  detect  breast  cancer  in  its  earliest  stages.  Current 
screening  methods,  including  clinical  breast  examination  and  conventional 
mammography,  have  high  rates  of  false-positive  and  false  negative  results  (2-5). 
Conventional  enzyme-linked  immunosorbent  assay  (ELISA)  methods  are  widely  used  to 
screen  many  potential  diseases  based  on  changes  in  blood  proteins.  Changes  in 
proteins  identified  by  proteomic  studies  are  largely  different  from  those  found  by 
genomics  studies  ( 6 ,  7).  This  underscores  the  importance  of  performing  biomarker 
screens  at  the  protein  level  and  suggests  that  many  of  the  differences  between  normal 
and  cancer  samples  are  due  to  posttranslational  modifications  (PTMs)  such  as 
phosphorylation,  glycosylation,  oxidation,  methylation,  ubiquitinylation  and  acetylation 
{6-9).  In  this  project,  we  focus  on  oxidation  and  glycosylation  PTMs  on  proteins 
known  to  be  secreted  by  the  breast  as  candidate  biomarkers  for  the  early 
detection  of  breast  cancer.  ELISA  microarray  technology  is  employed  to  evaluate 
assays  that  have  potential  be  used  as  breast  cancer  biomarkers  {10-15).  During  the  first 
year  of  this  project  we  have  validated  a  panel  of  ELISA  capture  antibodies  for  our  PTM- 
ELISA  microarray.  And  we  tested  8  proposed  PTM  detection  antibodies  with  clinical 
breast  cancer  plasma  samples.  We  also  developed  one  monoclonal  antibody  (patent 
pending,  Appendix  page  21)  for  the  halotyrosine.  We  have  developed  our  PTM  ELISA 
microarray  methods,  published  one  chapter  book  (Appendix  page,  page  22),  and 
submitted  two  manuscripts  to  high  profile  journals  and  presented  (or  going  to,  abstracts 
accepted)  our  results  at  international  breast  cancer  conferences  (Appendix  page,  page 
11-12).  And  we  are  preparing  new  manuscript  for  the  new  discovered  PTM  biomarkers 
for  breast  cancer  early  detections. 


Body 

Develop  ELISA  microarray:  an  ideal  tool  for  high-throughput,  quantitative 
analysis  of  breast  cancer  biomarkers 

The  microarray  sandwich  ELISA  is  exceptionally  sensitive,  being  able  to  accurately 
measure  protein  concentrations  down  to  the  sub-pg/ml  range  {14).  Adapted  from  the 
conventional  sandwich  ELISA  methods,  the  ELISA  microchip  also  uses  complementary 
pairs  of  capture  and  biotinylated  detection  antibodies  to  measure  trace  levels  of 
antigens  in  blood.  The  microarray  technique  is  also  suited  for  targeted  discovery 
research  because  of  its  ability  to  simultaneously  conduct  multiple  assays.  At  the  same 
time,  this  multiplex  analysis  requires  much  less  sample  (15-20  pi  per  chip,  after  a  5-fold 
dilution)  than  conventional  ELISA,  thereby  allowing  the  screening  of  many  PTMs  using 
very  small  sample  volumes.  Using  of  the  Protein  Microarray  Analysis  Tool  (ProMAT), 
which  is  a  custom  bioinformatics  program  developed  by  Dr.  Zangar’s  group  from  our 
institute,  allows  for  rapid  analysis  of  the  large  quantity  of  ELISA  microarray  data  {12, 
13).  The  new  ELISA  microarray  have  developed  for  PTM  analysis  based  on  the  current 
ELISA  microarray  platform,  with  the  major  difference  being  the  detection  antibody.  That 
is,  we  use  biotinylated  antibodies  that  specifically  recognize  the  PTMs.  For  this  purpose, 
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we  adapted  the  established  capture  antibodies  from  the  panel  and  added  more  capture 
antibodies  based  on  previous  studies  for  those  abundant  antigens  that  only  express  in 
breast  cancer  plasma  but  not  from  healthy  controls  (75).  We  validated  these  capture 
antibodies  by  individual  ELISA  microarray  and  by  multiplex  combination.  We  tested 
them  together  for  optimizing  the  specificity  and  sensitivity  followed  the  standard 
protocol. 
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antibodies 

As  we  stated  in  our 
proposal,  at  the  first 
year  of  this  project,  we 
have  evaluated 

oxidation  modifications 
using  the  new  PTM 
microarray  chip.  For 
oxidative  modifications, 

4-hydroxynonenal 
(4HNE),  nitrotyrosine, 
and  glutathione  (GSH) 
adducts  are  tested  with 
commercial  available 
antibodies  and  antigens 
to  select  the  best 
specificity  and 

sensitivities.  And  the 
small  number  of  breast 
cancer  plasmas 

samples  was  applied  to 
establish  the  assays. 

We  also  developed  halotyrosine  antibodies  for  the  breast  cancer  early  detection. 

We  also  tested  target  unusual  or  abnormal  glycosylation  products  that  are  reported 
increased  in  breast  cancer,  including  Globo  H  (16-18),  sialosyl-TF  (19-22)  and 
advanced  glycation  end  products  (AGE)  (23,  24).  Flowever,  we  are  lacking  of  specific 
antibodies  for  this  task.  We  only  got  limited  antibody  resources  for  these  PTMs.  The 
only  available  antibody  for  GloboH  is  IgM  species,  the  application  for  ELISA  microarray 
is  very  limited.  After  careful  optimizing  the  protocol,  we  tested  a  small  number  of  breast 
cancer  plasma  samples,  and  we  got  good  correlation  and  encourage  us  to  test  it  on 
large  amount  of  breast  plasma  samples.  We  tested  sialosyl-TF  and  AGE  products  with 
small  set  of  breast  cancer  samples,  we  found  out  that  the  sialosyl-TF  and  advanced 
glycation  end  products  (AGE)  are  too  low  to  detect  or  the  sensitivity  of  these  antibodies 
are  not  applicable  in  our  ELISA  microarray  assays.  So  we  have  not  applied  these 
assays  with  large  amount  of  breast  cancer  plasma  samples. 


Figure  1  Printed  capture  antibody  spots  (200  microns 
each)  were  amplified  from  4-HNE-PTM-ELISA  microarray. 

One  invasive  breast  cancer  plasmas  (right)  and  benign 
control  plasma  sample  (left)  were  tested  in  same  chip.  Each 
sample  was  tested  four  replicate,  like  all  assays,  were  printed 
once  in  each  quadrant.  In  each  quadrant  24  capture 
antibodies  plus  controls  and  calibrates  were  printed  as  the 
indicated  arrays. 


Chip  development 

Previously,  the  lab  has  developed  an  ELISA  microarray  chip  with  a  set  of  20  assays 
for  proteins  known  to  be  altered  in  blood  from  breast  cancer  patients  (10,  13,  25).  BSA, 
PBS,  and  IgG  Fc  fragment  also  are  printed  as  negative  controls.  Green  fluorescent 
protein  (GFP)  is  spiked  into  each  sample  and  used  as  an  internal  calibrant.  Processing 
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the  breast  cancer  samples  for  5  different  PTMs  and  27  different  antigens  have  produced 
a  total  of  135  assays. 

Oxidation  biomarkers  for  early  breast  cancer 

Our  preliminary  studies  indicated  there  is  a  correlation  between  the  breast  cancer 
and  the  level  of  nitrotyrosine  tested  with  human  plasma  samples.  And  we  expanded  this 
assay  for  several  other  similar  studies  for  tyrosine  modifications.  Because  tyrosines  that 
are  post-translationally  modified  by  nitrating  oxidants,  brominating  oxidants,  and 
chloramination  oxidants  produced  from  macrophages,  neutrophils  or  eosinophils  to  form 
nitrotyrosine,  bromotyrosine  and  chlorotyrosine  respectively,  have  relevance  to  breast 
cancers  {26-32).  For  example,  hypochlorous  acid/hypochlorite  adducts  have  been 
reported  for  breast  cancer  {33-36).  Our  studies  suggest  that  circulating  PTM  levels  can 
be  used  as  a  biomarker  for  endothelial  cell  dysfunction,  which  is  of  concern  in  several 
human  diseases.  We  have  submitted  nitrotysine  plasma  samples  studies  to  the  journal 
of  Environmental  Health  Perspectives  (Appendix  page  13),  and  bromotyrosine 
sputum  samples  studies  to  the  Journal  of  American  Respiratory  and  Critical  Care 
Medicine  (Appendix  page  17)  for  the  methods  development. 
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Figure  2.  Box  plots  of  PTM-ELISA  microarray  results.  Selected  PTMs  (GSH, 
GloboH,  and  4HNE)  were  representing  significant  increasing  (Ceruplasmin-GSH)  or 
decreasing  (Her2-GloboH,  Ceruplasmin-GloboH,  PDGF-4HNE)  post-translational 
modifications  occurred  in  invasive  breast  cancer  with  circulating  plasma  proteins.  “*”  in 
the  figures  are  indicating  the  significant  difference  between  invasive  cancer  group  to 
the  healthy  control  group  based  statistical  analysis  (Box  Cox  ANOVAs  p  value  <0.05). 
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4HNE  is  a  non-enzymatic  breakdown  product  of  lipid  peroxides  (37).  These 
modifications  have  been  reported  to  be  associated  with  oxidative  enzymatic  breakdown 
product  of  lipid  peroxides  (37).  These  modifications  could  be  associated  with  oxidative 
stress  associated  with  the  immune  response  (30,  37).  When  we  established  this  PTM- 
ELISA  microarray  assay,  and  tested  with  breast  cancer  plasma  samples,  we  found 
4HNE  protein  modification  is  alerted  early  breast  cancer  with  several  circulating  proteins 
(i.e.  PDGF,  HGF)  (Figure  1 , 2,3,  Appendix,  page  1 1  -1 2). 


Figure  3  ROC  (receiver  operating  characteristic)  curve  analysis  for  PTM-ELISA 
microarray  results.  Combination  of  two  biomarkers  within  same  PTM  gives  AUC  (area 
under  the  curve)  to  78%  for  GSH,  89%  for  GloboH  and  85%  for  4HNE  to  distinguish 
invasive  breast  cancer  from  the  healthy  controls. 

Glutathione  (GSH)  is  protein  adduct  which  is  an  indicative  of  intracellular  oxidative 
stress,  especially  in  the  endoplasmic  reticulum.  Growing  evidence  suggested  that  GSH 
adducts  is  useful  indictor  of  breast  cancer  (38-40).  We  established  this  PTM-ELISA 
microarray  chip,  and  tested  it  with  clinical  breast  cancer  plasma  samples,  we  found 
GSH  modification  is  altered  with  several  circulating  proteins  (Figure  2,  Figure  3, 
Appendix,  page  11-12). 

Glycosylation  and  early  breast  cancer 

Cancer  cells  can  express  a  high  level  of  certain  types  of  tumor-associated 
carbohydrate  antigens  (41).  There  is  considerable  evidence  that  these  unusual 
glycosylation  residues  are  associated  with  breast  cancer  (20,  24,  42,  43).  The  activities 
and  Golgi  localization  of  giycosyltransferases  are  the  basis  for  the  altered 
glycodynamics  of  cancer  tissue,  and  determine  the  ranges  and  amounts  of  specific 
glycosylation  produced.  There  are  several  cancer-associated  structures,  including  the 
TF  and  Tn  antigens  (20,  44,  45),  and  certain  Lewis  antigens  (46,  47),  Globo  H  (18,  42, 
48),  that  have  been  reported  to  be  important  in  breast  cancer.  These  structural  changes 
can  alter  cellular  function,  including  its  adhesive  properties  and  its  potential  to  invade 
and  metastasize  (46).  We  developed  GloboH-ELISA  microarray  assays,  and  tested  it 
with  clinical  breast  cancer  samples.  We  found  several  circulating  proteins  containing 
this  modification  are  altered  in  invasive  cancer  (Appendix,  page  11-12).  We  are  now  in 
the  preparation  of  the  manuscript  of  this  finding.  For  the  other  glycosylation  modification 
PTM-ELISA-microarrays,  we  are  lacking  of  specific  antibodies  currently,  hopefully  we 
can  find  applicable  antibodies  for  those  glycosyations  in  future. 

Progress  according  to  our  Specific  Aims  and  Statement  of  Work 
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Specific  Aim  1)  Develop  antibody  microarray  chips  that  can  be  used  to  measure  PTMs 
associated  with  glycosylation  (GloboH,  TF  Antigens,  AGEs)  state  or  oxidative  adducts 
(nitrotyrosine,  4-HNE,  GSH).  For  this  specific  aim,  we  have  successfully  developed  5 
PTM  assays  based  on  selected  biomarker  panels.  These  chips  are  targeting  abundant 
proteins  that  have  been  identified  in  NAF  and  are  also  found  in  the  circulation.  The  5 
PTM  detection  antibodies  have  been  individually  used  with  the  full  panel  of  24  capture 
antibodies  to  detect  specific  PTMs  on  each  of  the  antigens. 

Specific  Aim  2)  Evaluate  the  utility  of  the  panel  of  biomarkers  developed  in  Aim  1  in  a 
case-control  study  with  plasma  samples.  We  have  tested  our  PTM-ELISA  microarray 
chips  on  two  sets  of  clinical  plasma  samples  containing  early  breast  cancer  and  benign 
controls.  Totally  140  samples  including  62  invasive  breast  cancer  and  78  benign 
controls  were  tested.  Each  sample  was  tested  in  triplicate.  So  we  have  tested  totally 
(24X5X140X3)  50400  sandwich  ELISA  for  this  project. 

Statement  of  Work  Task  1.  Develop  antibody  microarray  chips  that  can  be  used  to 
measure  PTMs  associated  with  glycosylation  (GloboH,  TF  Antigens,  AGEs)  state  or 
Oxidation  adducts  (nTyr,  4-HNE,  GSH).  We  have  successfully  developed  microarray 
chips  for  GloboH,  4-HNE,  GSH  and  nitrotyrosine.  And  we  also  developed  halotyrosine 
antibody  and  halotyrosine  microarray  chips.  Although  we  have  not  found  any  significant 
changes  with  nitrotyrosine  or  halotyrosine  with  tested  breast  cancer  plasma  samples, 
we  may  apply  these  chips  with  breast  cancer  tissue  or  other  types  samples  in  future. 

Difficulties 

Identifying  protein  biomarkers  in  serum  or  plasma  remains  a  big  challenge  given  the 
vast  range  of  protein  species  and  broad  range  concentrations.  We  intend  to  develop 
microarray  chips  to  find  whether  oxidation  and  glycosylation  modifications  can  be  used 
for  breast  cancer  detection  biomarkers.  The  big  difficulty  for  this  type  chip  development 
is  hard  to  find  applicable  antibodies  for  the  PTM-ELISA.  We  developed  a  halotyrosine 
monoclonal  antibody  for  the  assay  development,  but  we  have  not  identified  any  plasma 
protein  modification  differ  between  breast  cancer  and  benign  controls  using  this 
antibody. 


Key  Research  Accomplishments 

1.  Established  new  panel  of  24  ELISA  analysis  for  breast  cancer  studies; 

2.  Established  PTM-ELISA  microarray  chips  for  nitrotyrosine,  4HNE,  GSH,  and 
GloboH 

3.  Developed  one  oxidation  modification  antibody,  halotyrosine,  and  PTM-ELISA 
microarray  chip  using  this  antibody; 

4.  Tested  the  PTM-ELISA  microarray  chips  on  140  clinical  plasma  samples 


Reportable  Outcomes 

Published  Peer  Reviewed  paper  in  “Cancer  Biomarkers”  IOP  press. 

Hongjun  Jin  and  Richard  C.  Zangar  Invited  Review:  Antibody  microarray  for  high- 
throughput,  multianalyte  analysis  Cancer  Biomarkers  2010,  6:1-10 
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Manuscripts  submitted: 

Jin,  H.,  B.J.  Web-Robertson,  E.S.  Peterson,  R.  Tan,  D.J.  Bigelow,  M.B.  Scholand, 

J.R.  Hoidl,  J.G.  Pounds,  and  R.C.  Zangar  Smoking  and  COPD  have  Opposite 
Effects  on  3-Nitrotyrosine  in  Plasma  Proteins  Environmental  Health  Perspectives, 
(Appendix,  page  12) 

Jin,  H,  T.S.  Hallstrand,  D.S.  Daly,  P.  Nair,  D.J.  Bigelow,  J.  G.  Pounds  and  R.C. 
Zangar  Halotyrosine  levels  in  induced  sputum  reflect  eosinophil  activity  and  indirect 
airway  hyperresponsiveness  American  Journal  of  Respiratory  and  Critical  Care 
Medicine  (Appendix,  page  16) 


Posters 

AACR  201 1  Abstract  #31 82  (Accepted) PTM  ELISA  microarray  for  breast  cancer 
biomarker  discovery,  AACR  102  Annual  Meeting 

(April  2-6,  201 1 ,  at  the  Orange  County  Convention  Center  in  Orlando,  Florida) 

PTM  ELISA  Microarray  for  Breast  Cancer  Biomarker  Discovery  (Appendix,  page  10) 


Era  of  Hope  2011,  Abstract  (Accepted),  Posttranslational  Modifications  of  Specific 
Circulating  Proteins  are  Promising  Biomarkers  for  Breast  Cancer  Detection  (Appendix, 
page  1 1 ) 


Conclusion 

To  detect  breast  cancer  in  its  earlier  stages,  oxidantion  and  glycosylation 
modification  PTMs  are  proposed  as  potential  biomarkers  with  circulating  human 
proteins.  We  developed  5  PTM-ELISA  microarray  chips  (nitrotyrosine,  halotyrosine, 
4HNE,  GSH  and  GloboH)  compiled  with  an  established  panel  of  24  capture  antibodies 
compiled  with  previous  breast  cancer  studies.  Using  these  approaches,  we  identified 
several  circulating  human  proteins-containing  PTMs  unique  to  the  plasma  of  breast 
cancer  patients.  The  potential  impact  of  this  work  is  that  first,  it  provides  a 
methodological  platform  for  the  study  of  post-translationally-modified  proteins  and 
secondly,  through  the  development  of  assays  to  monitor  these  biomarkers  in  the  plasma 
of  breast  cancer  patients,  it  has  the  potential  to  offer  opportunities  for  more  timely 
therapeutic  intervention  by  providing  improved  diagnostic  capability  with  use  of  early 
disease  biomarkers. 


7 


References 


1.  Statistics,  U.  S.  C.  S.  W.  G.  U.  S.  C.  (2010)  United  States  Cancer  Statistics:  1999-2007 
Incidence  and  Mortality  Web-based  Report.,  (Atlanta  (GA):  Department  of  Health  and 
Human  Services,  C.  f.  D.  C.  a.  P.,  and  National  Cancer  Institute;  2010.  Available  at: 
http://www.cdc.gov/uscs.,  Ed.). 

2.  Sala,  M.,  Salas,  D.,  Belvis,  F.,  Sanchez,  M.,  Ferrer,  J.,  Ibanez,  J.,  Roman,  R.,  Ferrer,  F., 
Vega,  A.,  Faso,  M.  S.,  and  Castells,  X.  (2011)  Reduction  in  false-positive  results  after 
introduction  of  digital  mammography:  analysis  from  four  population-based  breast  cancer 
screening  programs  in  Spain,  Radiology  258,  388-395. 

3.  Groenendijk,  R.  P.,  Kochen,  M.  P.,  van  Engelenburg,  K.  C.,  Boetes,  C.,  Strobbe,  F.  J., 
Ruers,  T.  J.,  and  Wobbes,  T.  (2001)  Detection  of  breast  cancer  after  biopsy  for  false¬ 
positive  screening  mammography.  An  increased  risk?,  Eur  J  Surg  Oncol  27,  17-20. 

4.  Aro,  A.  R.,  Pilvikki  Absetz,  S.,  van  Elderen,  T.  M.,  van  der  Ploeg,  E.,  and  van  der  Kamp, 
F.  J.  (2000)  False-positive  findings  in  mammography  screening  induces  short-term 
distress  -  breast  cancer-specific  concern  prevails  longer,  Eur  J  Cancer  36,  1089-1097. 

5.  Fidbrink,  E.,  Elfving,  J.,  Frisell,  J.,  and  Jonsson,  E.  (1996)  Neglected  aspects  of  false 
positive  findings  of  mammography  in  breast  cancer  screening:  analysis  of  false  positive 
cases  from  the  Stockholm  trial,  BMJ  312,  273-276. 

6.  Sawyers,  C.  F.  (2008)  The  cancer  biomarker  problem,  Nature  452,  548-552. 

7.  Hanash,  S.  M.,  Pitteri,  S.  J.,  and  Faca,  V.  M.  (2008)  Mining  the  plasma  proteome  for 
cancer  biomarkers,  Nature  452,  571-579. 

8.  Chin,  F.,  and  Gray,  J.  W.  (2008)  Translating  insights  from  the  cancer  genome  into 
clinical  practice,  Nature  452,  553-563. 

9.  Jensen,  O.  N.  (2006)  Interpreting  the  protein  language  using  proteomics,  Nat  Rev  Mol 
Cell  Biol  7,  391-403. 

10.  Gonzalez,  R.  M.,  Seurynck-Servoss,  S.  F.,  Crowley,  S.  A.,  Brown,  M.,  Omenn,  G.  S., 
Hayes,  D.  F.,  and  Zangar,  R.  C.  (2008)  Development  and  Validation  of  Sandwich  EFISA 
Microarrays  with  Minimal  Assay  Interference,  J  Proteome  Res. 

11.  Seurynck-Servoss,  S.  F.,  White,  A.  M.,  Baird,  C.  F.,  Rodland,  K.  D.,  and  Zangar,  R.  C. 
(2007)  Evaluation  of  surface  chemistries  for  antibody  microarrays,  Anal  Biochem  371, 
105-115. 

12.  Daly,  D.  S.,  White,  A.  M.,  Vamum,  S.  M.,  Anderson,  K.  K.,  and  Zangar,  R.  C.  (2005) 
Evaluating  concentration  estimation  errors  in  EFISA  microarray  experiments,  BMC 
Bioinformatics  6,  17 . 

13.  Zangar,  R.  C.,  Vamum,  S.  M.,  Covington,  C.  Y.,  and  Smith,  R.  D.  (2004)  A  rational 
approach  for  discovering  and  validating  cancer  markers  in  very  small  samples  using  mass 
spectrometry  and  EFISA  microarrays,  Dis  Markers  20,  135-148. 

14.  Woodbury,  R.  F.,  Varnum,  S.  M.,  and  Zangar,  R.  C.  (2002)  Elevated  HGF  levels  in  sera 
from  breast  cancer  patients  detected  using  a  protein  microarray  EFISA,  J  Proteome  Res 
1,  233-237. 

15.  Vamum,  S.  M.,  Covington,  C.  C.,  Woodbury,  R.  F.,  Petritis,  K.,  Kangas,  F.  J.,  Abdullah, 
M.  S.,  Pounds,  J.  G.,  Smith,  R.  D.,  and  Zangar,  R.  C.  (2003)  Proteomic  characterization 
of  nipple  aspirate  fluid:  identification  of  potential  biomarkers  of  breast  cancer,  Breast 
Cancer  Res  Treat  80,  87-97. 

16.  Wang,  C.  C.,  Huang,  Y.  F.,  Ren,  C.  T.,  Fin,  C.  W„  Hung,  J.  T.,  Yu,  J.  C„  Yu,  A.  F.,  Wu, 
C.  Y.,  and  Wong,  C.  H.  (2008)  Glycan  microarray  of  Globo  H  and  related  structures  for 
quantitative  analysis  of  breast  cancer,  Proc  Natl  Acad  Sci  U  SA  105,  11661-11666. 

17.  Chang,  W.  W.,  Fee,  C.  H.,  Fee,  P.,  Fin,  J.,  Hsu,  C.  W.,  Hung,  J.  T.,  Fin,  J.  J.,  Yu,  J.  C., 
Shao,  F.  E.,  Yu,  J.,  Wong,  C.  H.,  and  Yu,  A.  F.  (2008)  Expression  of  Globo  H  and 


8 


SSEA3  in  breast  cancer  stem  cells  and  the  involvement  of  fucosyl  transferases  1  and  2  in 
Globo  H  synthesis,  Proc  Natl  Acad  Sci  USA  105,  1 1667-11672. 

18.  Gilewski,  T.,  Ragupathi,  G.,  Bhuta,  S.,  Williams,  L.  J.,  Musselli,  C.,  Zhang,  X.  F., 
Bornmann,  W.  G.,  Spassova,  M.,  Bencsath,  K.  P.,  Panageas,  K.  S.,  Chin,  J.,  Hudis,  C.  A., 
Norton,  L.,  Houghton,  A.  N.,  Livingston,  P.  O.,  and  Danishefsky,  S.  J.  (2001) 
Immunization  of  metastatic  breast  cancer  patients  with  a  fully  synthetic  globo  H 
conjugate:  a  phase  I  trial,  Proc  Natl  Acad  Sci  U  S  A  98,  3270-3275. 

19.  Collier,  M.  E.,  Li,  C.,  and  Ettelaie,  C.  (2008)  Influence  of  exogenous  tissue  factor  on 
estrogen  receptor  alpha  expression  in  breast  cancer  cells:  involvement  of  beta  1-inte grin, 
PAR2,  and  mitogen-activated  protein  kinase  activation,  Mol  Cancer  Res  6,  1807-1818. 

20.  Kumar,  S.  R.,  Sauter,  E.  R.,  Quinn,  T.  P.,  and  Deutscher,  S.  L.  (2005)  Thomsen- 
Friedenreich  and  Tn  antigens  in  nipple  fluid:  carbohydrate  biomarkers  for  breast  cancer 
detection,  Clin  Cancer  Res  11,  6868-6871. 

21.  Kurtenkov,  O.,  Klaamas,  K.,  Rittenhouse-Olson,  K.,  Vahter,  L.,  Sergejev,  B.,  Miljukhina, 
L.,  and  Shljapnikova,  L.  (2005)  IgG  immune  response  to  tumor-associated  carbohydrate 
antigens  (TF,  Tn,  alphaGal)  in  patients  with  breast  cancer:  impact  of  neoadjuvant 
chemotherapy  and  relation  to  the  survival,  Exp  Oncol  27,  136-140. 

22.  MacLean,  G.  D.,  Reddish,  M.,  Koganty,  R.  R.,  Wong,  T.,  Gandhi,  S.,  Smolenski,  M., 
Samuel,  J.,  Nabholtz,  J.  M.,  and  Longenecker,  B.  M.  (1993)  Immunization  of  breast 
cancer  patients  using  a  synthetic  sialyl-Tn  glycoconjugate  plus  Detox  adjuvant,  Cancer 
Immunol  Immunother  36,  215-222. 

23.  Germanova,  A.,  Tesarova,  P.,  Jachymova,  M.,  Zvara,  K.,  Zima,  T.,  and  Kalousova,  M. 
(2009)  Glyoxalase  I  Glul  1 1  Ala  polymorphism  in  patients  with  breast  cancer,  Cancer 
Invest  27,  655-660. 

24.  Tesarova,  P.,  Kalousova,  M.,  Trnkova,  B.,  Soukupova,  J.,  Argalasova,  S.,  Mestek,  O., 
Petruzelka,  L.,  and  Zima,  T.  (2007)  Carbonyl  and  oxidative  stress  in  patients  with  breast 
cancer— is  there  a  relation  to  the  stage  of  the  disease?,  Neoplasma  54,  219-224. 

25.  Chen,  W.  N.,  Woodbury,  R.  L.,  Kathmann,  L.  E.,  Opresko,  L.  K.,  Zangar,  R.  C.,  Wiley, 

H.  S.,  and  Thrall,  B.  D.  (2004)  Induced  autocrine  signaling  through  the  epidermal  growth 
factor  receptor  contributes  to  the  response  of  mammary  epithelial  cells  to  tumor  necrosis 
factor  alpha,  J  Biol  Chem  279,  18488-18496. 

26.  Kijjoa,  A.,  Watanadilok,  R.,  Sonchaeng,  P.,  Sawangwong,  P.,  Pedro,  M.,  Nascimento,  M. 
S.,  Silva,  A.  M.,  Eaton,  G.,  and  Herz,  W.  (2002)  Further  halotyrosine  derivatives  from  the 
marine  sponge  Suberea  aff.  praetensa,  Z Naturforsch  C  57,  732-738. 

27.  Chen,  H.  J.,  and  Chiu,  W.  L.  (2008)  Simultaneous  detection  and  quantification  of  3- 
nitrotyrosine  and  3-bromotyrosine  in  human  urine  by  stable  isotope  dilution  liquid 
chromatography  tandem  mass  spectrometry,  Toxicol  Lett  181,  31-39. 

28.  Wu,  W.,  Chen,  Y.,  d' Avignon,  A.,  and  Hazen,  S.  L.  (1999)  3-Bromotyrosine  and  3,5- 
dibromotyrosine  are  major  products  of  protein  oxidation  by  eosinophil  peroxidase: 
potential  markers  for  eosinophil-dependent  tissue  injury  in  vivo,  Biochemistry  38,  3538- 
3548. 

29.  Yakovlev,  V.  A.,  Barani,  I.  J.,  Rabender,  C.  S.,  Black,  S.  M.,  Leach,  J.  K.,  Graves,  P.  R., 
Kellogg,  G.  E.,  and  Mikkelsen,  R.  B.  (2007)  Tyrosine  nitration  of  IkappaB alpha:  a  novel 
mechanism  for  NF-kappaB  activation,  Biochemistry  46,  11671-11683. 

30.  Karihtala,  P.,  Kinnula,  V.  L.,  and  Soini,  Y.  (2004)  Antioxidative  response  for  nitric  oxide 
production  in  breast  carcinoma,  Oncol  Rep  12,  755-759. 

31.  Samoszu,  M.,  Brennan,  M.  L.,  To,  V.,  Leonor,  L.,  Zheng,  L.,  Fu,  X.,  and  Hazen,  S.  L. 
(2002)  Association  between  nitrotyrosine  levels  and  micro  vascular  density  in  human 
breast  cancer.  Breast  Cancer  Res  Treat  74,  271-278. 


9 


32.  Chazotte-Aubert,  L.,  Hainaut,  P.,  and  Ohshima,  H.  (2000)  Nitric  oxide  nitrates  tyrosine 
residues  of  tumor-suppressor  p53  protein  in  MCF-7  cells,  Biochem  Biophys  Res  Commun 
267,  609-613. 

33.  Stankiewicz-Kranc,  A.,  Miltyk,  W.,  and  Skrzydlewska,  E.  (2010)  Comparison  of 
influence  of  carmustine  and  new  proline  analog  of  nitrosourea  on  antioxidant  system  in 
breast  carcinoma  cells  (MCF-7),  Drug  Chem  Toxicol  33,  55-63. 

34.  Galijasevic,  S.,  Maitra,  D.,  Lu,  T.,  Sliskovic,  I.,  Abdulhamid,  I.,  and  Abu-Soud,  H.  M. 
(2009)  Myeloperoxidase  interaction  with  peroxy nitrite:  chloride  deficiency  and  heme 
depletion,  Free  Radic  Biol  Med  47,  431-439. 

35.  Kang,  J.  H.,  Ryu,  H.  S„  Kim,  H.  T„  Lee,  S.  J„  Choi,  U.  K„  Park,  Y.  B.,  Huh,  T.  L.,  Choi, 

M.  S.,  Kang,  T.  C.,  Choi,  S.  Y.,  and  Kwon,  O.  S.  (2009)  Proteomic  analysis  of  human 

macrophages  exposed  to  hypochlorite-oxidized  low-density  lipoprotein,  Biochim  Biophys 
Acta  1794,  446-458. 

36.  Haklar,  G.,  Sayin-Ozveri,  E.,  Yuksel,  M.,  Aktan,  A.  O.,  and  Yalcin,  A.  S.  (2001) 

Different  kinds  of  reactive  oxygen  and  nitrogen  species  were  detected  in  colon  and  breast 
tumors,  Cancer  Lett  165,  219-224. 

37.  Karihtala,  P.,  Winqvist,  R.,  Syvaoja,  J.  E.,  Kinnula,  V.  L.,  and  Soini,  Y.  (2006)  Increasing 
oxidative  damage  and  loss  of  mismatch  repair  enzymes  during  breast  carcinogenesis,  Eur 
J  Cancer  42,  2653-2659. 

38.  Yeh,  C.  C.,  Hou,  M.  F„  Wu,  S.  H.,  Tsai,  S.  M„  Lin,  S.  K„  Hou,  L.  A.,  Ma,  H„  and  Tsai, 

L.  Y.  (2006)  A  study  of  glutathione  status  in  the  blood  and  tissues  of  patients  with  breast 

cancer,  Cell  Biochem  Funct  24,  555-559. 

39.  Perquin,  M.,  Oster,  T.,  Maul,  A.,  Froment,  N.,  Untereiner,  M.,  and  Bagrel,  D.  (2001)  The 
glutathione -related  detoxification  system  is  increased  in  human  breast  cancer  in 
correlation  with  clinical  and  histopathological  features,  J  Cancer  Res  Clin  Oncol  127, 
368-374. 

40.  Gromadzinska,  J.,  Wasowicz,  W.,  Andrijewski,  M.,  Sklodowska,  M.,  Quispe,  O.  Z., 
Wolkanin,  P.,  Olborski,  B.,  and  Pluzanska,  A.  (1997)  Glutathione  and  glutathione 
metabolizing  enzymes  in  tissues  and  blood  of  breast  cancer  patients,  Neoplasma  44,  45- 
51. 

41.  Hakomori,  S.  (2001)  Tumor-associated  carbohydrate  antigens  defining  tumor 
malignancy:  basis  for  development  of  anti-cancer  vaccines,  Adv  Exp  Med  Biol  491,  369- 
402. 

42.  Croce,  M.  V.,  and  Segal-Eiras,  A.  (2002)  The  use  of  carbohydrate  antigens  for  the 
preparation  of  vaccines  for  therapy  in  breast  cancer.  Drugs  Today  (Bare)  38,  759-768. 

43.  Tesarova,  P.,  Kalousova,  M.,  Jachymova,  M.,  Mestek,  O.,  Petruzelka,  L.,  and  Zima,  T. 
(2007)  Receptor  for  advanced  glycation  end  products  (RAGE)— soluble  form  (sRAGE) 
and  gene  polymorphisms  in  patients  with  breast  cancer,  Cancer  Invest  25,  720-725. 

44.  Springer,  G.  F.  (1984)  T  and  Tn,  general  carcinoma  autoantigens,  Science  224,  1198- 
1206. 

45.  Kirmiz,  C.,  Li,  B.,  An,  H.  J.,  Clowers,  B.  H.,  Chew,  H.  K.,  Lam,  K.  S.,  Ferrige,  A., 

Alecio,  R.,  Borowsky,  A.  D.,  Sulaimon,  S.,  Lebrilla,  C.  B.,  and  Miyamoto,  S.  (2007)  A 
serum  glycomics  approach  to  breast  cancer  biomarkers,  Mol  Cell  Proteomics  6,  43-55. 

46.  Brockhausen,  I.  (2006)  The  role  of  galactosyltransferases  in  cell  surface  functions  and  in 
the  immune  system.  Drug  News  Perspect  19,  401-409. 

47.  Korczak,  B.,  Goss,  P.,  Fernandez,  B.,  Baker,  M.,  and  Dennis,  J.  W.  (1994)  Branching  N- 
linked  oligosaccharides  in  breast  cancer,  A<r/v  Exp  Med  Biol  353,  95-104. 

48.  Capurro,  M.,  Bover,  L.,  Portela,  P.,  Livingston,  P.,  and  Mordoh,  J.  (1998)  FC-2.15,  a 
monoclonal  antibody  active  against  human  breast  cancer,  specifically  recognizes 
Lewis(x)  hapten,  Cancer  Immunol  Immunother  45,  334-339. 


10 


Appendices 


Accepted  Conference  Abstracts 
AACR  2011 

Abstract  #3182  (Accepted) 

PTM  ELISA  microarray  for  breast  cancer  biomarker  discovery 
AACR  102  Annual  Meeting 

(April  2-6,  201 1 ,  at  the  Orange  County  Convention  Center  in  Orlando,  Florida) 
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Post-translational  modifications  (PTMs)  of  proteins  are  known  to  be  altered  during 
breast  cancer  development.  These  PTMs  are  potentially  useful  biomarkers  for  breast 
cancer.  In  order  to  study  the  potential  of  PTMs  in  the  early  detection  of  breast  cancer, 
ELISA  microarray  protocols  for  analyzing  several  PTMs  in  a  panel  of  24  proteins  that 
are  found  in  blood  but  known  to  be  secreted  by  breast  tissue  and/or  breast  tumors.  We 
evaluated  these  PTMs  in  a  case-control  study  with  68  plasma  samples.  The  control 
samples  were  from  age-matched  women  with  benign  breast  disease.  The  sensitivity 
and  the  specificity  of  each  assay  and  the  combined  assays  were  evaluated  using  the 
areas  under  (AUC)  the  receiver  operator  curves.  In  the  best  multivariate  analysis,  the 
AUC  values  ranged  from  77%  to  87%  for  4  different  PTMs.  Overall,  our  data  suggest 
that  the  PTM  ELISA  microarray  platform  is  a  promising  tool  for  discovery  and  evaluation 
of  biomarkers  that  have  potential  for  the  early  detection  of  breast  cancer.  (*  This 
research  is  supported  by  NIH  U01  CA1 17378  and  The  US  Department  of  Defense 
BCRP  Postdoctoral  Fellowship  (W81XWH-1 0-1 -0031). 
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Posttranslational  Modifications  of  Specific  Circulating  Proteins  are  Promising 
Biomarkers  for  Breast  Cancer  Detection* 

Hongjun  Jin  1 ,  Don  S.  Daly2,  Ruimin  Tanl,  Jeffrey  R.  Marks3  and  Richard  C.  Zangarl 
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Mathematics,  Fundamental  &  Computational  Sciences,  Pacific  Northwest  National 
Laboratory,  Richland,  WA,  3Duke  University  Medical  Center,  Department  of  Surgery, 
Durham,  NC 

Levels  of  post-translational  protein  modifications  (PTMs)  are  known  to  be  altered  in 
breast  cancer  tissue.  We  therefore  hypothesized  that  PTMs  in  proteins  that  are  secreted 
by  breast  tissue  could  be  useful  circulating  biomarkers  for  breast  cancer.  In  order  to 
study  the  potential  of  specific  PTMs  for  the  early  detection  of  breast  cancer,  an  ELISA 
microarray  platform  for  the  analysis  of  PTMs  was  developed.  This  platform  included  an 
ELISA  microarray  chip  for  24  proteins  that  are  detectable  in  blood  but  are  secreted  by 
breast  tissue  and/or  breast  tumors.  For  each  of  these  24  proteins,  we  measured  the 
levels  of  four  candidate  PTMs  in  two  independent  sample  sets  with  a  total  of  140 
plasma  samples.  For  both  sample  sets,  all  samples  were  collected  at  the  time  of 
biopsy,  after  referral  from  a  positive  screen  (such  as  mammography).  The  samples 
were  subsequently  categorized  as  either  benign  controls  or  cancer  cases  based  on  the 
pathology  report.  The  subjects  in  the  two  groups  were  age-matched.  The  sensitivity 
and  the  specificity  of  each  assay  and  the  combined  assays  were  evaluated  using  the 
areas  under  the  receiver  operator  curves  (AUC).  In  an  analysis  of  4  markers,  the  best 
AUC  value  was  87%.  Our  study  suggests  that  certain  circulating  proteins  with  specific 
oxidative  modifications  or  glycosylation  residues  can  be  used  to  distinguish  between 
women  with  early  breast  cancer  and  those  with  benign  breast  disease.  Therefore,  these 
biomarkers  may  have  potential  to  distinguish  between  true  positive  and  false  positive 
results  obtained  with  standard  clinical  screens,  including  mammography.  (*  This 
research  is  supported  by  NIH  U01  CA1 17378  and  The  US  Department  of  Defense 
BCRP  Postdoctoral  Fellowship  (W81XWFI-1 0-1 -0031). 
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Abstract.  Enzyme-linked  immunosorbent  assay  (ELISA)  microarray  technology  promises  to  be  a  powerful  tool  for  detecting 
and  validating  protein  biomarkers,  especially  panels  of  biomarkers.  ELISA  microarrays  are  capable  of  high-throughput  analysis 
of  multiple  proteins  using  small  sample  volumes.  In  this  chapter  we  review  the  literature  on  the  use  of  antibody  microarrays 
for  biomarker  discovery  and  validation.  We  also  described  the  methodologies  we  employ  to  obtain  high-quality  data  through 
protocol  optimization  and  data  calibration. 

Keywords:  Antibody  microarray,  multianalyte,  multiplex,  high-throughput,  biomarker,  calibration 


1.  Introduction 

Recent  technological  advances  have  improved  the 
ability  to  globally  analyze  protein  levels  and  gene  ex¬ 
pression  patterns,  thereby  resulting  in  lists  of  candi¬ 
date  biomarkers  [1-4].  For  example,  proteomic  meth¬ 
ods  that  employ  mass  spectrometry  can  now  evaluate 
hundreds  or  thousands  of  proteins  that  may  potentially 
function  as  disease  markers  [5-7].  Even  so,  this  tech¬ 
nology  platform  is  generally  limited  by  a  combination 
of  throughput,  sensitivity  and  quantitative  capabilities. 
To  address  the  issue  of  sensitivity,  sample  fractiona¬ 
tion,  depletion  of  abundant  proteins  and/or  protein  en¬ 
richment  are  commonly  employed  [8,9].  Unfortunate¬ 
ly,  these  protocols  are  commonly  time-consuming  and 
expensive,  thus  limiting  the  ability  for  high  through¬ 
put  analysis  that  is  needed  for  clinical  validation  of 
biomarkers  [10-12],  Enzyme-linked  immunosorbent 
assay  (ELISA)  microarrays  are  one  emerging  technol¬ 
ogy  that  can  simultaneously  address  the  issues  of  sensi¬ 
tivity  and  throughput  when  undertaking  targeted,  mul¬ 
tiplexed,  preclinical  validation  studies.  Another  advan- 
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tage  of  this  analytical  method  is  that  the  methodology 
is  directly  comparable  to  traditional  clinical  analyses, 
and  therefore  the  analysis  can  be  easily  converted  into 
a  standard  clinical  assay,  should  the  validation  step  be 
successful. 

Sandwich  ELIS  As  use  a  matched  set  of  capture  and 
detection  antibodies  to  measure  each  antigen  (Fig.  1  A). 
ELISA  microarray  analysis  commonly  uses  sandwich 
ELISAs  (Fig.  IB,  Table  1).  A  variety  of  different  plat¬ 
forms  and  substrata  have  been  employed  for  multi¬ 
plex  ELISA  analysis,  including  glass  slides,  beads,  mi¬ 
croplates,  nitrocellulose  membranes  or  3-dimensional 
gel,  but  the  basic  sandwich  ELISA  analysis  is  concep¬ 
tually  the  same  regardless  of  the  platform.  For  the  mul¬ 
tiplex  platform,  the  various  capture  antibodies  are  phys¬ 
ically  separated  either  by  printing  in  isolated  spots  or 
by  attaching  to  different  beads.  To  facilitate  throughput 
and  ease  of  analysis,  purified  antigens  (which  are  used 
to  generate  the  standard  curves)  are  combined  into  a 
single  mixture,  as  are  all  of  the  detection  antibodies. 
Typically,  without  any  detectable  assay  cross-reactivity 
of  interference,  multiple  proteins  can  be  simultaneous¬ 
ly  quantified  within  a  single  sample.  It  has  been  widely 
reported  that  the  ELISA  microarray  is  an  efficient  tool 
for  measuring  the  levels  of  up  to  50  proteins  with  excel¬ 
lent  sensitive  ( ~  1  pg/ml) ,  dynamic  range  (~3  logs) ,  and 
low  coefficients  of  variation  between  replicate  measure-1 
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Abstract 


BACKGROUND:  Nitric  oxide  is  a  physiological  regulator  of  endothelial  function  and 
hemodynamics.  Oxidized  products  of  nitric  oxide  can  form  nitrotyrosine,  which  is  a  marker  of 
nitrative  stress.  Cigarette  smoking  decreases  exhaled  nitric  oxide,  and  the  underlying  mechanism 
may  be  important  in  the  cardiovascular  toxicity  of  smoking,  although  it  is  not  clear  if  this  effect 
results  from  decreased  nitric  oxide  production  or  increased  oxidative  degradation  of  nitric  oxide 
to  reactive  nitrating  species.  These  two  processes  would  be  expected  to  have  opposite  effects  on 
nitrotyrosine  levels,  a  marker  of  nitrative  stress.  OBJECTIVE:  In  this  study,  we  determine  the 
effects  of  cigarette  smoking  and  chronic  obstructive  pulmonary  disease  (COPD)  on  circulating 
levels  of  nitrotyrosine,  and  thereby  gain  insight  into  the  processes  regulating  nitrotyrosine 
formation.  METHODS:  A  custom  antibody  microarray  platform  was  developed  to  analyze  the 
levels  of  3-nitrotyrosine  modifications  on  24  proteins  in  plasma.  In  a  cross-sectional  study, 
plasma  samples  from  458  individuals  were  analyzed.  RESULTS:  Nitrotyrosine  levels  in 
circulating  proteins  were  consistently  reduced  in  smokers  and  former  smokers  but  increased  in 
COPD  subjects.  CONCLUSIONS:  Smoking  broadly  suppresses  the  levels  of  3-nitrotyrosine  in 
plasma  proteins,  suggesting  that  cigarette  smoke  suppresses  endothelial  nitric  oxide  production. 
In  contrast,  the  increase  in  nitrotyrosine  levels  in  COPD  patients  most  likely  results  from 
inflammatory  processes.  This  study  provides  the  first  evidence  that  smoking  has  persistent 
effects  on  endothelial  production  of  nitric  oxide  in  humans,  and  provides  insight  into  how 
smoking  could  induce  endothelial  dysfunction  and  a  long-term  increase  in  the  risk  of 


cardiovascular  disease. 


There  was  a  persistent  effect  of  smoking  on  nitro tyrosine,  as  evidenced  by  changes 


observed  in  former  smokers.  Although  the  former  smokers  in  this  study  had  quit  smoking  from  1 
to  35  years  prior  to  the  blood  sampling,  we  did  not  observe  a  significant  correlation  between  the 
time  since  quitting  and  the  levels  of  nitrotyrosine  in  the  blood  (see  Supplementary  Material, 
Figure  8).  Previous  studies  have  demonstrated  that  smoking  has  irreversible  effects  on  genetic 
mutations  and  gene  expression  profiles  in  bronchial  epithelial  cells  (Beane  et  al.  2007;Mao  et  al. 
1997).  These  changes  are  detectable  up  to  20  years  after  smoking  cessation,  and  are  believed  to 
have  a  role  in  the  sustained  effects  of  cigarette  smoke  exposure  on  lung  cancer  risk.  Our  study 
provides  evidence  that  smoking  has  irreversible  effects  on  endothelial  cell  function  and,  in 
particular,  eNOS  activity.  Therefore,  this  study  provides  novel  insight  into  how  cigarette  smoke 
exposure  could  induce  persistent  effects  on  the  cardiovascular  system  and  may  help  explain  the 
sensitivity  of  the  cardiovascular  system  to  environmental  smoke. 
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